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    进一步提出运用较为简单的应力函数方法求解外延铁电薄基体约束对薄膜
内本征应力的影响，并基于相场法分析了不同电学边界条件下（开路和短路）铁
电薄膜的畴结构、平均极化强度和本征应力𝜎22。对于短路电学边界条件下 PTO
外延铁电薄膜的畴结构研究表明，畴结构由 a 畴转变到 a/c/a 畴时薄膜的厚度与
在相同的边界条件下采用有限元方法模拟的结果十分相近。通过对开路电学边界
条件下铁电薄膜的畴结构分析，发现薄膜由 a 畴到 a/c/a 畴变时薄膜的厚度远大
于短路条件下的转变厚度。薄膜厚度大于转变厚度时，基体约束引起的应力变化
使得畴结构出现了 a 畴和 a/c/a 畴分层的现象。铁电薄膜的平均自发极化强度随



















Based on time-dependent Ginzburg-Landau method, we simulate domain 
switching of two-dimensional PbTiO3 (PTO) ferroelectric thin films under four 
different surface interdigital electrodes distributions. Also we discuss the constraint on 
the domain switching of epitaxial ferroelectric thin films with the substrate. And the 
four different electrodes distributions are (a) both surfaces are symmetrically arranged 
interdigital electrodes, (b) top surface is covered with interdigital electrode while 
bottom surface is covered with full electrode, (c) alternative interdigital electrodes 
distribute on both surfaces and (d) top surface is covered with interdigital electrodes 
while bottom is not covered with electrode. These electrode distributions could be 
converted to corresponding electrical boundary conditions of the phase field 
equations.  
The simulation results show that there are some special domain structures 
(vortices, a/c domains, flux-closure structures and close domain structures) due to the 
change of depolarization electric energy with different surface electrodes. The present 
results also show that the domain structures in ferroelectric thin films have an obvious 
size effect with the surface interdigital electrodes. For thin films with the same 
thickness, the domains tend to form vertical structures near the electrode surface, and 
form horizontal structures near the no-electrode surface. Namely, there would exist 
90o domain walls near the open-circuit electrical zone and form vortices domain; there 
would be 180o domain walls near the short-circuit electrical zone and form c domain. 
It would be thought that the expected domain structures (vortices, a/c domains, 
flux-closure domains, and close domain structures) could be obtained by controlling 
the surface electrode distributions to obtain ideal ferroelectric propertities in the 
ferroelectric thin films.  
Furthermore we use the relatively simple stress function method to calculate the 
eigenstresses of epitaxial ferroelectric thin films, which is induced by the substrate as 
















average polarization of epitaxial ferroelectric thin films under different electrical 
conditions (short and open circuit electrical conditions) are analyzed. The present 
results under short electrical boundary show that the critical turning thickness, at 
which a domain changes to a/c/a domain in PbTiO3 epitaxial ferroelectric thin films, 
is very close to the result of using the finite element method under the same electrical 
condition. The numerical results under the open electrical boundary show that the 
critical thickness of a domain changing to a/c/a domain is much larger than critical 
thickness under the short electrical boundary. The substrate, which affects the 
eigenstresses in thin films, leads to two layers of a domain and a/c/a domain in thin 
films. With the increase of thickness, the polarization increases. When domain 
structures switch from a domain to a/c/a domain, the average polarization has an 
obvious increase. 
Key words: phase field method; open/short circuit electrical boundary; stress function; 
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图 1.1 铁电材料的电滞回线示意图[1] 


















































































































𝛽𝑃4   （1.3） 































其中，F 是铁电材料的总热力学能量，𝑃𝑖为表示极化强度沿坐标轴𝑖=1, 2, 3 方向
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